In order to study the distribution of blood flow in diseased human kidneys, Xe133 washout curves were obtained from 34 patients with chronic renal disease or hypertension.
SUMMARY
In order to study the distribution of blood flow in diseased human kidneys, Xe133 washout curves were obtained from 34 patients with chronic renal disease or hypertension.
The curves recorded for over 45 min. were resolved into 4 components, while the curves recorded for 30 min. showed 3 components. The values of components I, II and III in the 30 min. record coincided with those of the components I, the average of II and III, and IV in the 45 min. record, respectively.
The percentage of the total renal blood flow (flow ratio) distributed to the component I of the 30 min. record was correlated with that due to cortical blood flow as determined by the dye-dilution method. It is suggested that the component I of the Xe133 washout curve from the human kidney represents the cortical blood flow.
The results obtained from the Xe133 washout curves recorded for 30 min. were compared with the renal function of the patients. The flow for unit mass of tissue (flow rate) and the flow ratio of the fastest component (component I) were decreased in the azotemics. The flow rate of component I was also decreased in proportion to the reduction of the RBF calculated from CPAH (RBFPAH), GFR from CThio and maximal urinary osmolality, while the flow rate of component II did not change significantly. As the renal function became impaired to the level of RBFPAH less than 500ml./min., GFR 50ml./min. and maximal urinary osmolality 700mOsm, the flow ratio of component I decreased and that of component II increased progressively.
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Percentage of total renal blood flow (flow ratio) Chronic ranal failure EDISTRIBUTION of intrarenal blood flow has b een suggested by microangiographic studies in various chronic re nal diseases.1)-3) The function of diseased kidney may be infl uenced by the change in the intrarenal blood flow distribution , but our knowledge about the distribution of blood flow in diseased kidney and its relationship to the f unction is still limited due to difficulties in its measurement .
Recently, several methods have been used to study the int rarenal distribution of blood flow in human subjects .4)-8) However, none are free from criticism. Thorburn et al .9) have described a technique for measuring the distribution of blood flow in the dog kidney with radioactive inert gas . In man, intrarenal circulation has been studied by Ladefoged6) and other investigators5),10)-11) with this technique , however, there is controversy about the number of the components in the inert gas washout curve of the human kidney and the anatomical localization of each component has not been identified directly.
In this study, the number of the components was examined in the Xe13 washout curves from the human kidney recorded for 30 min. or 45 min. or more, and the anatomical localization of each component was determined by comparison with the cortical blood flow measured by the dye-dilution method developed in our laboratory. Furthermore, the intrarenal blood flow distribution in patients with chronic renal disease or hypertension was measured by the Xe133 washout method and compared with the renal function of the patients.
MATERIALS AND METHODS
A total of 53 measurements were made in 34 subjects; 21 with chronic glomerulonephritis, 8 with essential hypertension , 4 with chronic pyelonephritis and 1 with suspected polyarteritis nodosa. The subjects , 23 males and 11 females, ranged in age from 14 to 49 years. The diagnosis was based on renal biopsy findings in the 14 with chronic glomerulonephritis and on clinical ground in the remaining cases . Their clinical data were shown in Table I .
In 3 patients with chronic pyelonephritis (Case Y .M., A.U. and K.S.), renal involvement was thought to be of equal severity in both kidneys as judged by the intravenous pyelogram and renogram. In Case M .M., right nephrectomy had been made before the admission to our hospital and the measurement was carried out in the residual left kidney which was the site of an intrarenal stone .
An Odman-Ledin green catheter was introduced into one renal artery under fluoroscopic control via the femoral artery by the technique of Seldinger .12) The position of the catheter was checked before the measurements by the injection of 1-2ml. of contrast medium.
With the patients supine, a bolus of 1-5 mci Xe133 dissolved in 0.5-1ml. isotonic sterile saline (Xeneisol 133, Neisler Lab. Inc. U.S.A.) was injected and was immediately flushed by 2-3ml. sterile isotonic saline in less than 2 sec. In 19 patients the measurements were made twice successively, and the catheter was withdrawn after the second injection. In the other patients, the catheter was withdrawn soon after the first injection and the only one measurement was made.
The washout of Xe133 from the kidney was monitored externally by a scintillation probe in a collimator. The probe was positioned perpendicularly to the back over the kidney which was visualized by fluoroscopy. The output of the probe was led to a ratemeter and then to a linear recorder. The process of the desaturation of Xe133 from the kidney was recorded for 30 min. or more with the time constant of 0.3 sec. for the first 2 min., 10 sec. for the next 3 to 5 min. and 30 sec. thereafter. Logarithm of the counts per sec. was plotted against time every 5 sec. for the first 2 min. and every 30 sec. for the remainder, with subtraction of the counts per sec. of background measured before the injection. Zero time on the washout curve was assumed to be the time at which the maximal count was recorded.6)
The Xe133 washout curves from the kidney were analyzed as the sum of exponents.6),9) A straight line was drawn by inspection along the terminal portion of the curve and extrapolated to zero time. This represented the slowest component. The counts per sec. of this extrapolated line were subtracted from the original curve to produce a new curve whose terminal portion represented the less slower another component. The other components were drawn in a similar sequential fashion. The percentage of total renal blood flow (flow ratio) to each component was considered to be proportional to the quantity of radioactivity received by the respective component immediately after the injection. This was calculated from the value of the intercept of each component at zero time.9) The blood flow for unit mass of tissue (flow rate, F: ml./Gm./min.) for each was determined from the slope of the respective component and was calculated as follows:9) F(ml./Gm./min.)=kƒÉ/ƒÏ (1) 14) Thus , the ratio of mass of tissue perfused Jap. Heart J. July, 1970 by component I to that by component II (G I/II) was calculated from where QI and QII were counts per sec . of component I and II at zero time and FI and FII were flow rates of component I and II , respectively.S eparate estimation of the cortical and the medullary blood flow by the dyedilution method was carried out in 7 cases . After catheterization of both the renal artery and vein by the Seldinger's12) technique , indocyanine green was injectedi nto the renal artery and a dye concentration curve in the renal venous blood was recorded by a cuvette densitometer (Dye Densitograph , Erma Optic, Japan). After recording 2 to 3 curves repeatedly, the catheter in the renal vein was moved to the contralateral renal vein to record the recirculation curve following the intrarenal arterial injection of same amount of dye. The dye-dilution curve reconstructed by subtracting the recirculation curve was analyzed into renal cortical and medullary curves and the blood flow of each was calculated by the method of Takeuchi and Ishikawa1),15) using the digital computer. Then the Xe133 washout curves were recorded in the same patient.
The relationships were studied between the results derived from Xe133 washout curves recorded for 30 min. and the levels of blood urea nitrogen, renal blood flow calculated from PAH clearance (CPAH) and hematocrit, GFR measured from thiosulfate clearance (CThio) and the maximal urinary osmolality. CPAH and CTh were measured by a single injection method16) and the maximal urinary osmolality was determined by Fishberg's concentration test using a Fiske osmometer. RBF and GFR were corrected to the standard body surface area of Japanese (1.48M.2). In patients with duplicate measurements of the Xe133 washout curve, averaged values of the two were used.
RESULTS
Eleven washout curves of Xe133 recorded for over 45 min. from 9 patients were all resolved into 4 components (Table II, Fig. 1 ), while 3 components were recognized in the 30 min. record of 52 curves from 33 patients (Table I , Fig. 2 ). One patient (Case M.M.) with chronic pyelonephritis had only 2 components (Fig. 3) .
Mean and standard deviation of the flow rate and the flow ratio of each component in the kidneys with normal renal function (GFR: over 90ml./min.) are shown in Table III dye-dilution method in 7 patients. In these 7 patients a good correlation was found between the percentage of cortical blood flow to the total renal blood flow determined by the dye-dilution method and the flow ratio of component I calculated from Xe133 washout curve recorded for 30 min. However, the percentage of the cortical blood flow determined by the dye-dilution method was less than the flow ratio of component I of Xe133 washout curves (Fig. 6) .
Intrarenal blood flow distribution was compared in a group of 23 pa-J ap, Heart J. record and that of the ratio of cortical blood flow to the total renal blood flow in the dye-dilution method. This finding supports the concept that the component I in the 30 min. record represents the blood flow through the cortex. The clearance constant for the component III in the 30 min. record was much slower than that of the other 2 components and was almost the same as the clearance constant of the component IV of dog kidney which represents the blood flow through intrarenal and perirenal fat. It is reasonable to believe that the slowest components of Xe133 washout curve in human kidney represents the blood flow through the fat. The residual component II, therefore, may be assumed to be related to the medullary blood flow in man. This assumption is also supported by the observations that there was a decrease in the flow rate in component I and little change in that of component II in the kidneys of the azotemics in whom a decrease in the cortical blood flow with no change in the medullary blood flow was suggested by microangiographic studies.1),2) In practical use, the recording of the washout curve for 30 min. may be enough to investigate the intrarenal distribution of blood flow. Reubi et al.8) showed by means of a dye-dilution method that the distribution of blood flow within the chronically diseased kidney was not altered significantly from the normal one. But microangiographic studies of nephrosclerosis and the contracted kidney due to chronic glomerulonephritis demonstrated extensive involvement of cortical vasculature and relatively well preserved medullary vessels with increased vasae rectae.1),2) Furthermore, Nakamura et al.,7),10) using ascorbic acid dilution and Xe133 clearance, found that in chronic renal disease the cortical flow was more disturbed than the medullary one. By means of the dye-dilution method, Takeuchi1) also reported that the cortical blood flow was reduced but the medullary flow was unchanged in azotemics.
Our results in this study, that the flow rate and the flow ratio of component I were decreased in azotemics and the flow ratio of component II was increased, also suggest that there is reduced cortical blood flow and relatively increased medullary flow in chronic renal disease.
In 1 case of renal failure due to chronic pyelonephritis (Case M.M.), only 2 components were discernible and slope of each was almost identical to that of component I and III in the other patients. The absence of the component II in this case was probably due to extensive damage to the medul-lary vasculature by chronic pyelonephritis3) (Fig.  3 ).
